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AbstrACt
Objective To investigate if socioeconomic gradients 
in health reduce during adolescence (the equalisation 
hypothesis) in four low-income and middle-income 
countries (LMIC).
setting Analysis of the Young Lives Study cohorts in 
Ethiopia, Peru, Vietnam and India.
Participants A total of 3395 participants (across the four 
cohorts) aged 6–10 years at enrolment and followed up for 
11 years.
Outcomes measured Change in income-related health 
inequalities from mid-childhood to late adolescence. 
Socioeconomic status was determined by wealth index 
quartile. The health indicators included were self-reported 
health, injuries in the previous 4 years, presence of long-
term health problems, low mood, alcohol use, overweight/
obesity, thinness and stunting. The relative risk of each 
adverse health outcome between highest and lowest 
wealth index quartile were compared across four waves of 
the study within each country.
results We found steep socioeconomic gradients 
across multiple health indicators in all four countries. 
Socioeconomic gradients remained similar across all 
waves of the study, with no significant decrease during 
adolescence.
Conclusion We found no consistent evidence of 
equalisation for income-related health inequalities in youth 
in these LMIC. Socioeconomic gradients for health in these 
cohorts appear to persist and be equally damaging across 
the early life course and during adolescence.
IntrOduCtIOn  
Socioeconomic status (SES) is a strong 
predictor of health.1 2 To be born and grow 
up in poverty shortens life expectancy and 
increases the risk of illness and injury, but 
health inequalities also exist at all levels of 
income.2 Although there is evidence that 
social health gradients persist throughout the 
life course,3 it has been suggested that they 
may reduce during adolescence (ie, there is 
‘equalisation’ in outcomes by SES in young 
people).4 Such equalisation has been shown in 
social gradients for multiple health outcomes 
including mortality,5–7 parent-rated health 
and long-standing illness,8 mental health and 
psychological well-being,9 obesity,10 general 
health and accidents.11 
Multiple mechanisms have been proposed 
to explain the apparent reduction in health 
inequalities in young people compared with 
those in young children and adults. The 
increasing importance of youth culture and 
peer relationships during adolescence, and 
opportunities for social mixing in schools, 
may mediate the influence of family SES on 
health.5 9 Further, the increase in autonomy 
and risk taking in young people, which may 
have multiple adverse health outcomes, has 
been shown to be less closely associated with 
parental social class than with peer group 
identification, particularly for substance 
misuse.12
Health outcomes and behaviours during 
adolescence predict future adult health and 
that of the next generation.13 It is vital to 
understand how social factors influence 
strengths and limitations of this study
 ► This is the first systematic investigation of whether 
socioeconomic inequalities in health reduce during 
adolescence (the equalisation hypothesis) in low-in-
come and middle-income countries (LMIC), where 
90% of the world’s young people live.
 ► We explored socioeconomic gradients from 
mid-childhood to late adolescence in eight health 
outcomes within four LMIC.
 ► We used the Young Lives wealth index to assess so-
cioeconomic status; a composite measure of hous-
ing quality, access to services and country-specific 
consumer durables.
 ► Owing to the limits of the sample size in each coun-
try, we did not stratify our analysis by sex.
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outcomes in this age group,14 particularly within low-in-
come and middle-income countries (LMIC), where 
90% of young people live.15 Yet the evidence for equal-
isation has come almost exclusively from high-income 
settings, and an analysis of how the strength of health 
inequalities may change during adolescence in LMIC is 
lacking. It can be hypothesised that patterns of health 
inequalities during adolescence in LMIC may differ 
from high-income settings, as structural determinants 
of health are heavily influenced by country income 
group.
This is the first study of how social gradients in health 
outcomes vary during the early life course in LMIC. Longi-
tudinal cohort studies of adolescent health are limited in 
LMIC,16 but the recent publication of health outcomes 
within a large cohort of young people in four LMICs, with 
longitudinal data on variables for SES, has provided the 
opportunity for this study.
MethOds
Data were derived from the Young Lives study, an inter-
national panel study of child health and social outcomes 
following children and young people in four LMIC: Ethi-
opia, India (Andhra Pradesh), Peru and Vietnam.17 Data 
are publicly available at their website (http://www. young-
lives. org. uk) and have been accessed on 5 July 2016. As 
the Young Lives Study aimed to document childhood 
poverty, deprived populations were over-represented in 
the sampling strategy. Twenty sentinel sites within each 
country were selected non-randomly, with richer areas 
excluded. Households with children within the right age 
group were then randomly sampled from each sentinel 
site.18 Full details of the methods used within the study, 
participants recruited and details of attrition rates are 
available at Young Lives’ website (http://www. younglives. 
org. uk).
We used data from four rounds of the older child 
cohort (2002, 2006, 2009 and 2013). Participants were in 
mid-childhood in round 1 (age 6–10 years), early adoles-
cence in round 2 (10-15 years), mid-adolescence in round 
3 (14-17 years) and late adolescence/young adulthood in 
round 4 (17-22 years). Data were available on 3395 indi-
viduals across the four countries involved in the study.
heAlth IndICAtOrs
We selected health indicators if they were present in a 
comparable form across multiple waves of the study and 
were common to the four countries included. All indica-
tors were defined as binary variables using clinically rele-
vant thresholds, taking the value 1 if an adverse health 
outcome/behaviour was present and 0 if not. All health 
outcomes were reported by the children/young people 
themselves, except the presence of a long-term illness 
which was reported by the primary caregiver.
General health and injuries
1. Self-reported health: Poor health was defined as an-
swering ‘very poor’, ‘poor’ or ‘average’ to ‘In general, 
would you say your health is very poor, poor, average, 
good or very good.’
2. Long-term health: The presence of a long-term illness 
was defined as answering yes to ‘Does [CHILD] have 
any long-term health problems which affect how they 
play/attend school or work/other’ in round 1 and 
‘Does [CHILD] have any long-term health problems 
that affect their daily life?’ in round 2.
3. Injuries: Injuries were defined as answering ‘yes’ to: 
‘Since we visited (4 years ago) have you been seriously 
injured?’
Psychological well-being
1. Low mood: Low mood was defined as answering ‘cer-
tainly true’ or ‘a little true’ to the question ‘You are 
often unhappy, downhearted or tearful.’
substance misuse
1. Alcohol: No alcohol use was defined as answering ‘I 
never drink alcohol’ to ‘How often do you usually 
drink alcohol? I never drink alcohol; everyday; at least 
once a week; at least once a month; only on special 
occasions; hardly ever.’
2. Smoking: Data on cigarette smoking were only avail-
able in multiple rounds of the study in two countries, 
and were therefore not included in our analysis.
nutrition
Poor nutrition was defined according to definitions 
provided by WHO (available at http://www. who. int/ 
childgrowth/ en/).
1. Overweight or obesity: Defined as having a body mass 
index (BMI) more than 1 SD above the WHO growth 
reference median.
2. Thinness: Defined as having a BMI-for-age more than 2 
SD below the WHO growth reference median.
3. Stunting: Defined as having a height-for-age more than 
2 SD below the WHO growth reference median.
sOCIOeCOnOMIC stAtus
We used the wealth index provided by the Young Lives 
study to assess SES of participants. The Young Lives wealth 
index is composed of three equally weighted domains: 
housing quality, access to services and consumer durables. 
The housing quality index includes the following items: 
a score for crowding (number of rooms per household 
members; one is the maximum recordable value), and 
dummy variables for the suitability of the material used 
for the walls, roof and floor of the dwelling. The access 
to services index is derived from dummy variables for 
access to electricity, access to safe drinking water, access 
to sanitation and access to cooking fuels. The consumable 
durables index is composed of a list of dummy variables 
for household items specific to each country.19 Each item 
within a domain is scored 0–1, and the average of these is 
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used as the domain score; the wealth index is an average 
of these three domains and ranges from 0 (low SES) to 1 
(high SES).20
PrOCedures
To assess the presence of social gradients in health, we 
recorded the proportion of participants presenting with 
each outcome by wealth quartile, and calculated the rela-
tive risk (RR) of each among the lowest wealth index quar-
tile compared with the highest. To assess for change in 
social gradients through adolescence, these RR estimates 
with 95% CIs were compared across each wave of the 
study, where data were available. If the CI in one round of 
the study did not overlap the estimate for any previous or 
subsequent round, the social gradient was considered to 
differ between rounds for that health outcome. All anal-
yses were performed in Stata V.14 (StataCorp).
PAtIent And PublIC InvOlveMent
Patients were not directly involved in this analysis.
results
In total (across all four countries), data were available for 
3395 participants in round 1, 3385 participants in round 
2, 3357 participants in round 3 and 3356 participants in 
round 4. The RR of each health outcome among partici-
pants in the lowest wealth index quartile compared with 
the highest wealth index quartile by country and round 
are shown in figures 1–4. The number of participants with 
Figure 1 Relative risk of health outcome (lowest wealth quartile compared with highest) by round in Vietnam.
Figure 2 Relative risk of health outcome (lowest wealth quartile compared with highest) by round in India.
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data on SES by country, round and sex, and the preva-
lence of each health outcome by country, round and 
wealth index quartile is shown in the online supplemen-
tary appendix 1.
Social gradients, indicated by significant increases 
in RR estimates (lowest wealth quartile compared with 
highest wealth quartile) in any round of the study where 
data were available, were seen for poor health (India and 
Peru), long-term illness (India), injury in the last 4 years 
(India), low mood (India and Vietnam), alcohol (India), 
stunting (all countries) and thinness (India and Ethi-
opia). The RR of obesity was reduced among the lowest 
wealth quartile compared with the highest (a reversed 
social gradient) in all countries except for Ethiopia. We 
also found a reversed social gradient for drinking alcohol 
in Peru and long-term illness in Ethiopia.
There was no consistent pattern of increases or reduc-
tions in RR across rounds of the study for any variable. 
The only variables with apparent reduction in the social 
gradient in late adolescence (round 4) compared with 
earlier rounds were overweight/obesity in Vietnam and 
Peru and thinness in Ethiopia. In contrast, a number of 
health outcomes showed a significant increase or decrease 
in RR by wealth quartile in one round of the study, with 
no difference between lowest and highest wealth quar-
tile in previous or subsequent rounds (although CIs did 
overlap between rounds in these examples). The RR 
of poor health in Peru, long-term illness in India and 
stunting in Ethiopia were increased among the lowest 
wealth index quartile compared with the highest in round 
3, with no significant differences found in round 4 (late 
adolescence). The RR of low mood was not significantly 
Figure 3 Relative risk of health outcome (lowest wealth quartile compared with highest) by round in Ethiopia.
Figure 4 Relative risk of health outcome (lowest wealth quartile compared with highest) by round in Peru.
 o
n
 7 D
ecem
ber 2018 by guest. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2018-022114 on 5 September 2018. Downloaded from 
5Ward JL, Viner RM. BMJ Open 2018;8:e022114. doi:10.1136/bmjopen-2018-022114
Open access
different between lowest and highest wealth quartile in 
round 3 in Vietnam, but was increased in round 4. Simi-
larly, RR of obesity/overweight in India showed no social 
health gradient in round 1, but was significantly reduced 
in rounds 2, 3 and 4, and the RR of thinness was signifi-
cantly increased in rounds 3 and 4 in India, but no differ-
ence was found in rounds 1 and 2.
dIsCussIOn
We found very limited evidence for a weakening in the 
association between income status and risk of poor health 
across adolescence for some outcomes (overweight/
obesity in Vietnam and Peru, thinness in Ethiopia). 
However, there was no consistent pattern of equalisation 
during adolescence. Indeed, for some outcomes (eg, 
thinness in India), there appeared to be an increase in 
health inequalities as age increased.
Comparison with the literature
The evidence for a reduction in health inequalities 
during adolescence has come almost exclusively from 
high-income countries as noted previously; to our knowl-
edge, there have been no comparable studies of equalisa-
tion in low-income and middle-income settings. Although 
we did find isolated examples of reduced health inequal-
ities during late adolescence, our findings were broadly 
consistent with previous research illustrating persistent 
social health gradients in young people. Emerson et al 
found SES to be associated with multiple adverse health 
outcomes using data from 10 438 children aged between 
5 and 15 years, and little evidence for a reduction in social 
gradients in adolescence.21 The importance of health 
inequalities during adolescence is further supported 
by studies of self-reported health in Europe and North 
America22 and ecological analyses from countries across 
the income spectrum.14
In describing the equalisation hypothesis, West 
and Sweeting argue that patterns of childhood health 
inequalities are likely to persist during adolescence for 
chronic medical problems and health potential (health 
status). In contrast, adverse outcomes which emerge 
during adolescence (health state) will be less closely 
aligned to family SES, due to the increasing influence of 
peer relationships on these outcomes, and the opportuni-
ties for social mixing in school.11 Emerson et al also high-
light that negative health gradients are greater for more 
severe disorders, and that reverse health gradients tend 
to be restricted to self-reported indicators for health.21 
Among the health indicators we were able to include 
in our analysis, we would therefore expect subjectively 
assessed health, low mood and injury to be the more likely 
candidates for equalisation, but we found no evidence to 
support this in our findings.
There appeared to be a reduction in health inequalities 
in some nutritional outcomes in our analysis, including 
obesity. Using data from the health survey for England, 
Vallejo-Torres et al found weaker associations in late 
adolescence between SES and obesity, when compared 
with younger children or older adults.10 However, compa-
rability with our analysis is problematic, as the pattern 
of health inequalities for obesity was reversed, with an 
increased risk of obesity among higher socioeconomic 
groups consistent with previous studies from LMIC.23
Findings from the 2013/2014 Health Behaviour 
in School-age Children survey (which includes some 
middle-income countries) demonstrate a complex 
picture of health inequalities during adolescence, with 
consistent social gradients in health outcomes but weaker 
associations in health risk behaviours (early sexual 
intercourse and substance misuse).24 The relationship 
between alcohol consumption and SES has been shown to 
be weak during adolescence in multiple previous studies 
in high-income settings,25 and it has been suggested that 
peer social status may be a stronger determinant to risk 
behaviours such as alcohol consumption than family 
social status.25 We find only limited support for this in our 
analysis. In Ethiopia and Vietnam, we found no associa-
tion between alcohol and SES; yet in India, we found risk 
of alcohol consumption to be higher among the poorer 
participants, and in Peru we found the reverse, although 
only among older adolescents.
strengths and limitations
This is the first systematic examination of equalisation in 
longitudinal cohorts from LMIC. We included cohorts 
of between 900 and 1000 participants across four very 
different settings. We examined patterns of social gradi-
ents in health across eight outcomes which included 
physical, psychological and nutritional indicators, and 
compared social health gradients over an 11-year period 
from mid-childhood to early adulthood.
There were a number of limitations to our study. Owing 
to the limits of the sample size in each country, we did not 
stratify our analysis by sex. There is some evidence that 
social inequalities in health among females may be more 
profound than in males,26 although the evidence for this 
is mixed.27 We used clinically important thresholds to 
produce dichotomous variables for each health outcome 
examined, but this may have missed more subtle changes 
in the risk of poor health by SES. For a number of health 
outcomes, we were only able to compare social gradients 
between early/mid adolescence and late adolescence/
early adulthood, and we may have missed the reduction 
in gradients by age as a result.
There are also acknowledged difficulties in defining 
SES in young people. We used the Young Lives wealth 
index—a composite measure of housing quality, access 
to services and country-specific consumer durables, 
designed for longitudinal analyses of SES within each 
cohort. Asset indices such as this have a greater resis-
tance to seasonal fluctuations in income and expendi-
ture compared with other measures, but have also been 
criticised for capturing urban social stratification better 
than in rural settings and for not allowing between-
country comparisons.28 Our results may have differed 
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using alternative proxies for SES such as parental occupa-
tion, educational attainment, consumption expenditure, 
household income or subjective measures (although 
these also have well-described limitations).21 28
Meaning and mechanisms
Although the risk of adverse health was increased 
among young people with lower SES for multiple health 
outcomes examined across all four countries, we did not 
find significant social gradients for several indicators, and 
this varied considerably by country. Whereas there were 
strong health inequalities in India for most outcomes, in 
Vietnam only the risk of stunting, low mood and obesity 
varied by SES. The absence of social gradients for some 
outcomes may reflect limitations in the power of the study 
to detect significant differences in risk by wealth index 
quartile. Further, the over-representation of deprived 
participants, and reduced wealth inequality within the 
Young Lives cohorts compared with national levels,29 may 
have limited the effect of SES for some outcomes. Differ-
ences between countries may be partially explained by 
substantial variation in the distribution of wealth index, 
with Vietnam having the highest overall level, with the 
least variability.19 We should also consider whether the 
absence of social gradients in some outcomes may indi-
cate evidence for equalisation which would be revealed 
had we been able to follow-up participants over a longer 
period. However, Vallejo-Torres et al found equalisation 
to arise when comparing children aged 12–15 years with 
those aged 16–19 years,10 age groups which were included 
in our analysis for most outcomes.
Our findings of reversed social gradients in obesity 
are consistent with previous studies in LMIC.23 This has 
been explained by continued food scarcity and increased 
manual work among the poor in these settings, and 
increased access to excess food with lower levels of manual 
labour among the more wealthy, combined with a larger 
body size being associated with a positive sign of status in 
some countries.23 The reversed social health gradient in 
the risk of long-term ill health in Ethiopia in early adoles-
cence (10–14 years old) is more difficult to explain, but 
may reflect some reporting bias; as those with higher SES 
have greater access to health services, they may be more 
likely to be diagnosed with long-term conditions.
The lack of consistent evidence for equalisation in 
our analysis has multiple possible explanations. The 
evidence supporting reduced health gradients during 
adolescence is limited in high-income countries and has 
been contested,30 and our finding does not support the 
notion of equalisation. There may also be factors specific 
to LMIC to consider. Structural social determinants 
during adolescence have been shown to differ by country 
income group,14 31 and thus the drivers of equalisation 
may not be present or may appear at different timings to 
those in high-income countries. The level of autonomy 
and independence available to young people in LMIC 
is likely to be heavily determined by family SES, more 
than in high-income countries.32 Finally, if equalisation is 
thought to be driven by participation in secondary school, 
it is important to note the proportion of attendance in 
education among Young Lives cohorts is not comparable 
with high-income countries, falling sharply among the 
older adolescent age group to just above 50% (figure 5). 
Further, among those in education, there will continue 
to be high levels of social segregation within schools and 
between them, further limiting opportunities for social 
mixing in LMIC.33
COnClusIOn
Health inequalities in late childhood persist during 
adolescence and into adulthood, and we have found no 
consistent pattern of reducing health gradients during 
adolescence. There is good evidence that socioeconomic 
disadvantage and poverty during the early life-course is 
associated with not only poorer health in childhood but 
also increased mortality and morbidity later in life,34 and 
that inequalities among adolescents are actually increasing 
over time.35 Improving the health of adolescence in LMIC 
will bring multiple dividends to population health,13 and 
this study highlights the need to explore interventions to 
reduce health inequalities during this crucial stage of the 
life-course.
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